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ABSTRACT 
Objective: Clove buds (Syzygiumaromaticum) have been reported as a natural fungicide and could be an alternative fungicide for 
Phytophthorapalmivora one of pathogenic fungi in Cacao plantations. The aim of this research was to evaluate an antifungal Phytophthora of the 
essential oil, extract, fraction, bioactive compounds from clove buds. 
Methods: Successive extractions of clove buds were performed by maceration with n-hexane, ethyl acetate and methanol. Fractionation and 
purification were performed using vacuum liquid chromatography and column chromatography. Identification of the isolated compounds was 
performed by thin layer chromatography (TLC), gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). Agar well diffusion 
method was used as the assay method and then the percentage radial growth inhibition of Phytophthoramy celium was calculated on the fifth days. 
Results: At 10 mg/ml, the n-hexane extract showed the highest inhibition 90.00 %, followed by ethyl acetate extract, essential oil and methanol 
extract with 78.00 %, 72.72 %, and 29.17 % inhibition, respectively. Two active fractions from vacuum liquid chromatography (VLC) of n-hexane 
extract were obtained with 49.29 % (F-2), and 90.00 % (F-5) inhibition, respectively at 5 mg/ml. Two active subfractions were obtained from 
column chromatography with inhibition 8.79 % (F-A) and 89.01 % (F-B), at 5 mg/ml. The thin layer chromatography (TLC) and gas 
chromatography (GC) showed that F-B consists of one of a compound having the same Rf and Rt values that of a eugenolauthentic marker. The gas 
chromatography-mass spectrometry (GC-MS) data showed that the major compound in F-A was caryophyllene (M 204), and F-B was eugenol (F-B1) 
(M 164) and acetyl eugenol (F-B2) (M 206). 
Keywords: Syzygiumaromaticum, Eugenol, Phytophthorapalmivora, Agar well diffusion. 
Conclusion: Eugenol and eugenol acetate were the main active compounds effective in inhibiting as antifungal P. palmivora. 
 
INTRODUCTION 
Plant fungal diseases pose the serious problem in agriculture and 
contribute significant losses of agricultural products [1]. In 1840s, 
Phytophthorainfestans (Mont.) de Bary was responsible for the Irish 
potato famine which caused the potato late blight epidemic. In the 
short term, fungal plant diseases caused economic losses to growers, 
increase prices of produce to consumers and also have direct 
pathological effects on humans and animal [2]. Another species, 
Phytophthora palmivora not only known as pathogenic fungal which 
caused black pods in cocoa, but also fruit rots, stem cankers, leaf and 
seedling blights, root rots of tropical plants and other important 
horticultural hosts [3]. Control of plants fungal infection has been 
conducted by toxic fungicide are utilized each year and the agents 
used may pollute water and terrestrial environments or long period 
[2]. Although effective, it has disrupted natural biological control 
system and may develop resistance, gives undesirable effects on non 
target organisms [4, 6]. Hence, there is a great demand for novel 
antifungals that selectively acting on new targets but less side effect. 
Plant metabolites, either pure compound or standardized extract 
might be potential as the source for drug development in 
pharmaceutical or agricultural sectors [1]. Crude drugs, extract, and 
essential oil have been used as natural antifungal agent [7, 8]. 
Syzygiumaromaticum or clove oil and extract were found to possess 
a strong antifungal activity against phatogenic fungi Phytophthorasp, 
Fusarium sp., Aspergillus sp., Coletrotichum sp [6, 7, 9]. Indonesia is 
one of the major Asian producers of Syzygiumaromaticum (clove) 
besides Malaysia, Sri lanka and India [10]. Comparison with extracts 
of 10 potential fungicide crude drugs showed that the clove buds 
extract possesed the highest antifungal activity [9]. In this research, 
we conducted isolation of active antifungal Phytophthora through 
extract and fraction guided antifungal test. Therefore, it will be 
potential to develop natural fungicide from S. aromaticum. The aim 
of this study was to evaluate the use of clove oil, extracts, fractions 
and its major compounds of that contribute to the antifungal 
Phytophthora activity. 
MATERIALS AND METHODS 
Plant material 
Clove buds (S. aromaticum) were collected from Garut, West Java, 
Indonesia. Taxonomic determination was conducted at the 
Herbarium Bandungense, ITB, Bandung-West Java. The plant 
materials were dried in a drying cabinet at 40-50 °C, then ground to 
powder
Organism and growth media 
. 
P. palmivora, was obtained from the collection of Mycology 
laboratory, the Centre of Life Sciences, ITB, Bandung. P. palmivora 
was maintained on Potato Dextrose Agar (PDA) for 7 d at room 
temperature (25-
General experimental apparatus 
30 °C). 
Identification of the active compounds was determined mainly by Gas 
Chromatography-Mass Spectrometry (GC-MS) with column BD5, column 
temperaturestart from 60 °C then increase 8 °C per min until 
reachingtemperature 280 °C, detector temperature 290 °C, injector 
temperature 270 °C, flow rate 1.32 ml/min (Shimadzu QP 2010 ULTRA). 
Extraction and fractionation 
Clove buds powder (500 g) was macerated successively at room 
temperature using n-hexane, ethylacetate and methanol (4 l) 
for3x24hrespectively. Each extract was evaporated using arotary 
evaporator at 50oC. Isolation of clove oil was performed by steam 
distillation using 40 gclove powders. The extract and clove oilwere 
tested for the antifungal activity. Analytical Thin-Layer 
Chromatography (TLC) was performed on precoated silica gel 60 
GF254 plate (Merck). The spots of each extract and the essential oil 
were compared with eugenolauthentic marker (Sigma-Aldrich) and 
visualized under UV light and by spraying with p-anisaldehide-
sulfuric acid reagent. The n-hexane extract (20 g) was separated on 
vacuum liquid chromatography (13 x 10 cm); packed with 200 g 
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Kiesel gel 60 H, 10-40 µm mesh (Merck), eluted with gradient 
elution using a combination of n-hexane and ethyl acetate to give 
seven fractions named F1-F7. Each fraction was tested for the 
antifungal activity. 
Fraction F2 was chromatographed on column (2.0 x 45 cm) packed 
with 25 g Kiesel gel 60 (Merck), eluted withn-hexane to give eight 
fractions named F2A-F2G. Fraction F2A was further 
chromatographed on column (2.0 x 45 cm) packed with 20 g Kiesel 
gel 60 (Merck) eluted with n-hexane to give nine sub fractions 
named F2A. A-F2A. I. Fraction F2A. E was chromatographed on 
column (2.0 x 45 cm) packed with 15 g Kiesel gel 60 (Merck) eluted 
withn-hexane to give ten sub fractions named F2A. E1-F2A. E10. 
Each sub fraction was tested for antifungal activity. Fraction F5 was 
separated on vacuum liquid chromatography (9 x 17 cm) packed 
with 100 g Kiesel gel 60 H (Merck) eluted with n-hexane and ethyl 
acetate to give seven fractions named F5A-F5G. Fraction F5Ewas 
chromatographed on the column (2.0 x 45 cm) packed with 30 g 
Kiesel gel 60 (Merck) eluted n-hexane and ethyl acetate to give eight 
sub fractions named F5E.1-F5E.8. Each subfraction was tested for 
the antifungal activity. 
Antifungal activity 
Antifungal activity assays was performed using the agar well 
diffusion method. This method was done by pouring 15 mlPDA 
medium into Petri dishes with diameter 9 cm. After PDA medium 
solidified, four holes were made and 50 µl extract applied to each 
hole. The P. palmivora
Note: a = control mycelium diameter (mm) 
my celium diameter 5 mm was placed in the 
middle of Petri dish, and then incubated at 25-30 °C for 5d[8,11]. 
The antifungal activity was presented in% inhibition of mycelium 
growth and calculated according to the following equation:  
% mycelium radial growth =
(a − b)
b
 x 100 % 
b = sample mycelium diameter (mm) 
The antifungal activity was shown by inhibition of mycelial growth 




Fig. 1: Phytophthora palmivora mycelium growth with the 
presence of clove buds extract 50 µl/hole (A) and control P. 
palmivora after 5 d inoculation (B) 
 
RESULTS 
Antifungal activities of extract, fraction and sub fraction from 
clove buds 
Succesive extraction of 500 g clove powder produced 92.66 g hexane 
extract, 23.74g ethyl acetate extract and 70.55 g methanol extract. 
Among the three extracts and clove oil, the n-hexane extract showed 
the highest antifungal activity, followed by ethyl acetate extract, 
clove oil and methanol extract 
 
with 90.00 %, 78.00%, 72.72 %, and 
29.17 % inhibition respectively against P. palmivora at 10 mg/ml 
(table 1). 
Table 1: The antifungal activities from clove buds 
Sample Concentration (mg/ml) 
10 5 
n-hexane extract ++++ ++++ 
Ethyl acetate extract ++++ +++ 
Methanol extract ++ + 
Clove oil +++ ++ 
-: no activity,+: activity 1-25 %,++: activity 26-50 %,+++: activity 51-75 %,++++: activity 76-100 %  
 
Further work needs to be performed to investigate the 
component that responsible to give antifungal activity. Among 
the seven fractions that were collected from n-hexane extract, 
the fraction F2 and F5 were found to be abundant, and the five 
other compounds were only in limited quantities. Therefore, 
only 2 fractions were tested for their antifungal activities. 
FractionF2 (2.03 g) showed moderate antifungal activity (less 
than 50 % inhibition) while fraction F5 (14.87 g) showed high 
antifungal activity
 
 (more than 76 % inhibition) at 2.5 mg/ml 
(table 2). 
Table 2: The antifungal activities from active fraction 
Sample  Concentration (mg/ml) 
5 2.5 
Fraction F2 ++ ++ 
Fraction F5 ++++ ++++ 
-: no activity,+: activity 1-25 %,++: activity 26-50 %,+++: activity 51-75 %,++++: activity 76-100 %  
 
Table 3: The antifungal activities from active sub fraction 
Sample  Concentration (mg/ml) 
5 2.5 
Sub fraction F-A + + 
Sub fraction F-B ++++ ++++ 
-: no activity,+: activity 1-25 %,++: activity 26-50 %,+++: activity 51-75 %,++++: activity 76-100 %  
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Isolation and identification of antifungal compounds from S. 
aromaticum 
Active fraction was continued with isolation to obtain compounds that 
have activity against Phytophthora. Fraction F2 produced an active 
subfraction F2A. E7and fraction F5 gave active sub fraction F5E.6. Sub 
fraction F2A. E7, was named as F-A, showed weak antifungal activity at 
2.5 mg/ml, whereas sub fraction F5E.6, was named as F-B, showed the 
strongest antifungal activity at 2.5 mg/ml, it still has more than 80 % 
inhibition of mycelia growth against Phytophthora
Characterization of sub fraction 
 (table 3). 
Sub fraction F-A 
Sub fraction F-A, collected from fraction F2, was clear and aromatic oil. It 
was predicted as components of clove oil, based on TLC chromatogram 
compared with the clove oil (purchased from Manoko, West Java, 
Indonesia). The subfraction F-A gave pink spot with Rf value 0.85 using 
n-hexane-ethyl acetate (9:1) and anisaldehide-sulfuricacid as spray 
reagent. The chromatogram of gas chromatography showed the main 
peak (F-A) the major component at 80.52% based on the peak area and 
few minor peaks. The main peak F-A (fig. 3) has retention time 12 
minutes with m/z 133 [M+] 204 in EI-MSwithamolecular formula 
C15H24
 
and identified as caryophyllene (bicyclic sesquiterpene). 
 
Fig. 2: GC-MS chromatogram major peak of sub fraction F-A 
(caryophyllene) 
 
Sub fraction F-B 
Sub fraction F-Bwas collected from fraction F5. It was clear, pale 
yellow, aromatic, leaved warm in hand. One of the components was 
identified as eugenol after comparison with eugenolauthentic 
marker (Sigma-Aldrich). The Rf value was 0.35 on TLC using (n-
hexane-ethyl acetate (9:1) as solvent and anisaldehide-sulfuric acid 
as spray reagent. Analysis by GC-FID gave two main peaks F-B1 and 
F-B2 (fig. 3). The peak F-B1 has retention time 13.7 minutes, same 
with eugenolauthentic marker while F-B2 at 11 minutes. The peak F-
B1 has m/z 164, [M+] in EI-MS with a molecular formula C10H12O2 
and identified as eugenol. The peak F-B2 has m/z 206, [M+] in EI-MS 
with a molecular formula C12H14O3
 
and identified as acetyl eugenol. 
 
 
Fig. 3: GC-MS chromatogram major peak of sub fraction F-B1 
(eugenol) and F-B2 (eugenol acetate) 
 
These results concluded that eugenol and eugenol acetate were the 
compounds that contribute in theinhibition mycelium of Phytophthora. 
DISCUSSION 
It seems that n-hexane extract was more effective than the volatile 
oil. Although the major content of the clove oil was eugenol(80-
90%), but the n-hexane extract gave the highest activity. This way is 
due to the resultant effect of eugenol and other minor component 
that also has antifungal activity. It indicated that the n-hexane 
extract contains compounds that work synergistically with each 
other. This is also supported with the fact that the extraction with 
hexane produced higher yield compared to the oil yield after a steam 
distillation. If it is intended as bio fungicidal it would better to use 
the n-hexane extract than the oil due to higher activity. 
It is interesting that the main active compound antifungal 
Phytophthora was eugenol (natural phenolic) that constitute as the 
major compound of clove oil or its n-hexane extract. The structures 
of the phenolic compounds,not only can diffuse through the 
microbial membrane,but also penetrate into inside cell, where they 
can interfere in the metabolic pathways by interfering with the 
biosynthesis of ergosterol and proteins in fungi cell[12]. Another 
research, eugenol can inhibited the growth of fungal mycelia, but 
eugenol was not effective in preventing germination while the growth 
of conidia germination is the growth stage most sensitive to inhibition 
many compounds [13]. In recent years, given its low toxicity and less 
residual activity, clove bud has been widely used in agricultural but 
still not yet integrated with industrial production [14]. 
CONCLUSION 
In conclusion, clove buds (S. aromaticum) could be potential as an 
alternative source to produce natural fungicides. N-hexaneextract, 
fraction and sub fraction were efficiently suppressed mycelial 
growth. Therefore the oil or the extract can be used directly as an 
active agent for natural fungicide. Eugenol (F-B1)and acetyl eugenol 
(F-B2) were the main responsible compounds for antifungalactivity. 
Caryophylene as the major component of sub fractionF-A,has weak 
activity against P. palmivora
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